Nanoparticle Counting by Microscopic Digital Detection: Selective Quantitative Analysis of Exosomes via Surface-Anchored Nucleic Acid Amplification.
Exosomes are nanosized vesicles secreted by cells, with a lipid bilayer membrane and protein and nucleic acid contents. Here, we present the first method for the selective and quantitative analysis of exosomes by digital detection integrated with nucleic acid-based amplification in a microchip. An external biocompatible anchor molecule conjugated with DNA oligonucleotides was anchored in the lipid bilayer membrane of exosomes via surface self-assembly for total exosome analysis. Then, specific antibody-DNA conjugates were applied to label selective exosomes among the total exosomes. The DNA-anchored exosomes were distributed into microchip chambers with one or fewer exosomes per chamber. The signal from the DNA on the exosomes was amplified by a rapid isothermal nucleic acid detection assay. A chamber with an exosome exhibited a positive signal and was recorded as 1, while a chamber without an exosome presented a negative signal and was recorded as 0. The 10100101 digital signals give the number of positive chambers. According to the Poisson distribution, the exosome stock concentration was calculated by the observed fraction of positive chambers. The findings showed that nanoscale particles can be digitally detected via DNA-mediated signal amplification in a microchip with simple microscopic settings. This approach can be integrated with multiple types of established nucleic acid assays and provides a versatile platform for the quantitative detection of various nanosomes, from extracellular vesicles such as exosomes and enveloped viruses to inorganic and organic nanoparticles, and it is expected to have broad applications in basic research areas as well as disease diagnosis and therapy.